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ANNOTATION

The characteristics of reradiation of the surface of Mars,

determining the energy potentials of the radrai. altimeter, are

analyzed in the work. The values(dfthe specific effective scatter-

ing area at normal incidence a n, backscattering diagram widths

2A and coefficients of reflection of the surface layer of the

planet p3n in local areas, with 80 km x 80 km surface resolution,

were determined, from the results of radar measurements of Mars

from earth in the 1971, at wavelengths of 3.8 and 12.5 cm. The

measurements were carried out for areas of Mars with the coordi-

nates:

at X0 = 3.8 cm: = -14.20, X = 60-1200

at X0 = 12.5 cm: = -(15-17 0, X = 0-3600

The work consists. of two parts. The present work is reported and

all figures and a part of the tables are presented in this preprint.

The remaining tables are presented in part 2 of the work: N. N. n

Krupenio and V. A. Ladygin, Processing of Radar Measurements of ,i

Mars from the Earth in 1971, Report Pr-181, Academy of Sciences

USSR, Institute of Space Research, Moscow, 1974.
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PROCESSING OF THE RESULTS OF THE RADAR MEASUREMENTS OF THE MARS
FROM THE EARTH IN 1971, APPLICABLE TO THE PROBLEMS OF

RADAR ALTIMETRY

N. N. Krupenio and V. A. Ladygin

Radar studies of Mars, carried out close to the major oppo- /3*

sition of the planet, permitted measurement of the reradiation

characteristics of the surface layer of this planetwith higher

surface resolution, than had been done during the preceding oppo-

sitions of 1963, 1965, 1967 and 1969. This was due, not so much

to the shorter distance of Mars from earth, as to the increasing

potentials of ground planetary radars and more greatly improved

machine processing of the signals. The southern latitudes of Mars

(4 = -14.20 at 10 = 3.8 cm and 4 = -15-170 at X0 = 12.5 cm) were

studied for the first time. during the 1971 measurements [9, 10].

The preceding measurements permitted study of northern hemisphere

areas, which are indicated in Table 1. During the radar measure-

ments of 1971, the surface distribution of the root mean slopes,

on a base on the order of 10 wavelengts a d, dielectric permeability

e (at 10 = 3.8 cm) and the coefficient of reflection p3n (at 10

12.5 cm) were obtained, for the areas studied. From these data,

we carried out a recalculation to the parameters. necessary for

determination of the radar altimeter potential. These parameters

are the specific effective scattering area of the surface, for the

case of normal incidence a (effective scattering area of 1 m2 of
on

surface) and the backscattering diagram (BSD) of the surface -Ble I.

We made the calculations, on the assumption of the absence of a

diffusion component in the reradiated signal, using the following

standard transformations, adopted in planetary radar technology:

Numbers in the margin indicate pagination in the foreign text.
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Here, A and A are the half "widths of the backscattering /4
0.1 0.5

diagram, at the 0.1 and 0.5 levels, respectively; C 3 is a param-

eter, determining the shape of the approximation curve of the back-

scattering diagram of the surface, in a representation of and

exponehtialilaw of distribution of':sArface irregularities.

The accuracy of determination of parameters aon' A and C cor-

respond to the accuracy of measurement of the parameters ad' P3n

and e, which is ±30%.

The results of calculation of parameters C, P3n' A0.1 and

60.5' for X0 = 3.8 cm, are given in Figs. 1-4 and, for X0 = 12.5

cm, they are given in Tables 2-4 and in Figs. 5-7 of the present

work, for the case of averaging of the results of measurement by

AX = 10 longitude intervals and, in Tables 1-6 of work [12], for

the peak values of measured parameters ad and P3n"

As the measurements of the integral characteristics of re-

radiation of Mars at X0 = 3.8 cm showed, the diffusion component

is not over 30% and, at longer wavelengths (12.5 cm and more), the

diffusion component could not be detected, because of the narrow

BSD of the surface and the limited energy potential. Therefore,

an approximation, in which the diffusion component of the rereflec-

ted signal is not taken into account (especially at X0 = 12.5 cm),

is not very rough.
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From the results of processing the radar measurements (at

x0 = 12.5 cm), we plotted histograms and distribution functions,

for the parameters on', P3n' C3 ' A0.1 and A0.5' for the cases of /5

calculation from the peak values and from the averages, with AX =

10 (see Tables 5-9). The histograms ahd distribution functions

for parameters a on, P3n' C3' 0.1 and 0.5 at AX = 10 , are pre-

sented in Figs. 8-17. The mean values of the parameters at X0
12.5 cm turned out to be: on = 6.8; C = 276; p3n = 0.051 and

on 3
0.1 = 4.3 0. Processing of the results of the preceding radar

measurements of Mars. at X0 = 3.8 and 12.5 cm, with poorer resolu-

tion, gave the following: aon( 3 .8) = 5; aon(12.5) = 12; C3(3.8) =
400; = 600; - = 2.20; = 20; p = 0.006.
400; 3(12.5) = 600; A0.5(3.8) = 2 *.2 ; A0. 5 (1 2 .5 ) 2 ; 3n 6.

The results of determination of parameters aon and C3, from the

1963-1969 Mars radar measurement data, were taken from [11].

In conclusion, the authors thank I. B,. Vasil'kova, V. D. Si-

zova and N. Ya. Shapirovskaya, for assistanceidn preparation of

the materials for publication.
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Fig. 1. Histogram for coefficient C at X, = 3.8 cm.
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Fig. 2. Histogram for coefficient of reflection,
for case of normal incidence, at X0 = 3.8 cm.
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Fig. 3. Histogram for backscattering diagram half
width at X0 = 3.8 cm at 0.5 level.
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Fig. 4. Histogram for BSD half width at X0 = 3.8 cm
at 0.1 level.
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Fig. 5. Specific effective scattering area at

x0 = 12.5 cm, for X = 0-1800, with

AX = 10 averaging.
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Fig. 6. Coefficient C3 at X0 = 12.5 cm, for X

0-1800, with AX = 1o averaging.
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Fig. 7. Coefficient of reflection for case of
normal incidence at X0 = 12.5 cm, for

X = 0-1800, with AX= 10 averaging.
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Fig. 8. Histogram for aon at X = 12.5 cm, with

AX = 10 averaging ( ' ) and
for extreme values of parameters measured
at AX = 1 0 (
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Fig. 9. Histogram for p3n at 0 = 12.5 cm, with

AX = 10 averaging ) and
for extreme values of parameters measured
at AX = 1 (

OItIiNAL PAGE ISOF POOR QUALITy 13



0,

Fig. 10. Histogram for C 3 at 10 = 12.5 cm, with

AX = 10 averaging (: ) and
for extreme values of parameters measured
at AX = 10
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cm, with AX = 1 averaging (
and for extreme values of parametersmeasured at AX = 1.
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Fig. 13. Distribution function of aon at X = 12.5

cm, with AX = 10 averaging ( '- ) and
for extreme values of parameters measured
at AX = .10 .
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Fig. 14. Distribution function of p3n at X0 
= 12.5

cm, with AX =- 1 averaging (", ) and
for extreme values of parameters measured
at A = 10 (
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Fig. 15. Distribution function of C3 at X0 = 12.5

cm, with AX = 10 averaging (" ... ) and
for extreme values of parameters measured
at A = 10 (
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Fig. 16. Distribution function of A0.1 at X0 12.5

cm, with A = 10 averaging (- and
for extreme values of parameters measured
at AX = 10
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Fig. 17. Distribution function of A0. 5 at X = 12.5

cm, with AX = 1o averaging ( ' -,) andfor extreme values of parameters measured

at AX = 1o
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TABLE 1. AREAS OF MARS IN WHICH RADAR STUDIES
HAVE BEEN CONDUCTED

Accuracy of
Wave- Year Surface Measurement
length Measure- Measure- Resolu- of Reflected Source

X01 cm ment ment tion, Signal
Made Area, . km Intensity,

dB

12.5 1963 # = +130 N-S:250 ±1.5 [1]
X =0-360 c W-E:330

40 1963 # = +14A Integral ±2 [2]
X = 310- charac-

140 teristicE
of planet

12.5 1965 $ = +20 N-S:250: ±0.5 E3]
A =0-360 W-E:360

23 1965 4 = +21 N-S:6.2 ±1 [4]
X =0-360 W-E:6850

70 1965 ¢ = +22 N-S:63 ±2 [5]
A =0-360 W-E:96

3.8 1967 = +22 N-S:500 ±0.9 [6]

279 W-E:160

3.8 1969 # = +6 &
+11 N-S:500 ±0.9 [7]

A =0-360 W-E:115

12.5 1969 9 =+3-12 N-S:90 ±0.5 [8]
X =0-360 W-E:137

3.8 1971 P =-14.2 N-S:80 [9]
A =58-121 W-E:80

12.5 1971 4 =-15-
-17 N-S:80 [10]

A =0-360 W-E:8Q

N-S - resolution in north-south direction
W"E - resolution in west-east direction

22
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TABLE 5. HISTOGRAMS AND DISTRIBUTION FUNCTIONS FOR SPECIFIC
EFFECTIVE SCATTERING AREA aon, DETERMINED FOR MEAN

AND EXTREME VALUES OF PARAMETERS MEASURED (for AX = 10)

[Translator's note: Table not furnished.]
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TABLE 6. HISTOGRAMS AND DISTRIBUTION FUNCTIONS FOR PARAMETER C ,
DETERMINED FOR MEAN AND EXTREME VALUES OF PARAMETERS MEASURED

(for AX = 10)

[Translator's note: Table not furnished.]
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TABLE 7. HISTOGRAMS AND DISTRIBUTION FOR COEFFICIENT OF REFLECTION,
DETERMINED FOR MEAN AND EXTREME VALUES OF PARAMETERS MEASURED,

(for AX = 10)

[Translator's note: Table not furnished.]
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TABLE 8. HISTOGRAMS AND DISTRIBUTION FOR BSD HALF-WIDTH AT 0.1
LEVEL, DETERMINED FOR MEAN AND EXTREME VALUES OF PARAMETERS

MEASURED (for AX = 10)

[Translator's note: Table not furnished.]
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TABLE 9. HISTORGRAMS AND DISTRIBUTION FOR BSD HALF-WIDTH AT 0.5
LEVEL, DETERMINED FOR MEAN AND EXTREME VALUES OF PARAMETERS

MEASURED (for AX = 10)

[Translator's note: Table not furnished.]
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